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(54) THIN-FILM TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress decrease of on-current by specifying 
the peak angle of a protrusion on a rough surface present at the Interface 
between a semiconductor film and a gate insulating film to be at least a right 
angle, or specifying width and height of the protrusion on the rough surface. 
SOLUTION: The thin-film transistor comprises a semiconductor film 2 and a gate 
electrode 4 with a gate insulating film 3 between them. Here, an apex angle A of 
the protrusion of a rough surface 8 present at the interface between the 
semiconductor film 2 and the gate insulating film 3 satisfies A>90°. Otherwise, a 
width W and height H of the protrusion of the rough surface 8 satisfy an equation: 
(W/2)H>tan(9072). Since the shape of the rough surface 8 does not prevent 
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conduction of carrier, drop of on-current is suppressed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thin film transistor characterized by the vertical angle A of the 
height of the surface roughness which exists in the interface of said semi- 
conductor film and said gate dielectric film in a thin film transistor which was 
equipped with the semi-conductor film and a gate electrode, and was equipped 
with gate dielectric film between said semi-conductor film and said gate 
electrodes filling A > 90 degrees. 

[Claim 2] The thin film transistor to which the width of face W of the height of the 
surface roughness which exists in the interface of said semi-conductor film and 
said gate dielectric film in a thin film transistor and height H which were equipped 
with the semi-conductor film and a gate electrode, and were equipped with gate 
dielectric film between said semi-conductor film and said gate electrodes are 
characterized by filling (W/2) / H > tan (90 degrees / 2). 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a thin film transistor and the thin 
film transistor which was equipped with the semi-conductor film and a gate 
electrode, and was especially equipped with gate dielectric Aim between the 
semi-conductor film and a gate electrode. 
[0002] 

[Background of the Invention] In recent years, the thin film transistor is widely 
used as a means to realize the light and thin indicating equipment represented by 
a liquid crystal display and the electroluminescence display, or a scanner, a 
detector and other equipments. 

[0003] The structure of a thin film transistor is shown in drawing 1 . The semi- 
conductor film 2 is formed on a substrate 1, gate dielectric film 3 is formed on it, 
and the gate electrode 4 is formed on it After an interlayer insulation film 5 is 
formed, the source electrode 6 and the drain electrode 7 are formed, and it 
completes. Refer to S.Inoue, et al, Asia Display95, and p339 for the detailed 
device structure and detailed process conditions. 

[0004] In a thin film transistor, since the semi-conductor film 2 is made to deposit 
on a substrate and forms by some approaches, such as LPCVD-PECVD and a 
spatter, it is not avoided by that surface roughness 8 exists in the front face. 
Surface roughness 8 occurs, so that you may surely say that the semi-conductor 
film 2 is especially crystallized by laser radiation. Generally, even after forming 
gate dielectric film 3, it exists as surface roughness 8 of the interface of the semi- 
conductor film 2 and gate dielectric film 3. 
[0005] 

[Problem(s) to be Solved by the Invention] The surface roughness 8 which exists 
in the interface of the semi-conductor film 2 and gate dielectric film 3 checks 
carrier conduction of a thin film transistor, and we are anxious about it In whether 
the ON state current is reduced. Then, the purpose of this invention is controlling 
the carrier conduction inhibition and the ON state current fall by surface 
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roughness 8. 
[0006] 

[Means for Solving the Problem] (1) This invention according to claim 1 is a thin 
film transistor characterized by the vertical angle A of the height of the surface 
roughness which exists in the interface of the semi-conductor film and gate 
dielectric film in a thin film transistor which was equipped with the semi-conductor 
film and a gate electrode, and was equipped with gate dielectric film between the 
semi-conductor film and a gate electrode filling A > 90 degrees. 
[0007] According to this configuration, since surface roughness does not bar 
conduction of a carrier, the fall of the ON state current does not take place. 
[0008] (2) It is the thin film transistor characterized by the width of face W of the 
height of the surface roughness which exists in the interface of the semi- 
conductor film and gate dielectric film in a thin film transistor and height H which 
this invention according to claim 2 was equipped with the semi-conductor film 
and a gate electrode, and were equipped with gate dielectric film between the 
semi-conductor film and a gate electrode filling (W/2) / H > tan (90 degrees / 2). 
[0009] According to this configuration, since surface roughness does not bar 
conduction of a carrier, the fall of the ON state current does not take place. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this 
invention is explained, 

[001 1] Drawing 2 is drawing showing the surface roughness which exists in the 
interface of the semi-conductor film and gate dielectric film. The height of the 
height of W and surface roughness is set [ the vertical angle of the height of 
surface roughness ] to H for the width of face of the height of A and surface 
roughness. 

[0012] It asked for change of the ON state current by device simulation, changing 
W and H. The structure of a thin film transistor is as drawing 1 and drawing 2 . 
They are an n channel, a self aryne, channel length 10um, and spacing 3um of 
surface roughness 8. Vd=8 V-Vg=12V were impressed. Here, the polycrystal thin 
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film transistor crystalized by laser radiation is assumed. In addition, although top 
gate structure explains, the same effectiveness is expectable with other 
structures here. 

[0013] Drawing 3 is the dependency of the ON state current over the vertical 
angle A of the height of surface roughness, it turns out that width-of-face W and 
height H of the height of surface roughness boil the ON state current, 
respectively, and it does not depend for it independently, but is mainly dependent 
on the vertical angle A of the height of surface roughness. The ON state current 
will deteriorate rapidly, if the vertical angle A of a height becomes smaller than 90 
degrees. Then, the fall of the ON state current can be controlled by the thing 
which are shown in claim 1 and to consider as like and A > 90 degrees. This 
originates in surface roughness 8 serving as a configuration which does not bar 
conduction of a carrier. 

[0014] Generally, the configuration of surface roughness 8 is not what [ KITCHIRI 
/ what / as shown in drawing 2 ], and defining the vertical angle A of a height has 
a difficult thing. In this case, although it is mathematically equivalent, as shown in 
claim 2, the fall of the ON state current can be controlled by filling (W/2) / H > tan 
(90 degrees/ 2). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the structure of a thin film transistor. 

[Drawing 2] Drawing showing the surface roughness which exists in the interface 

of the semi-conductor film and gate dielectric film. 

[Drawing 3] Drawing showing the dependency of the ON state current over the 
vertical angle A of the height of surface roughness. 
[Description of Notations] 

1 Substrate 

2 Semi-conductor Film 

3 Gate Dielectric Film 

4 Gate Electrode 

5 Interlayer Insulation Film 

6 Source Electrode 

7 Drain Electrode 

8 Surface Roughness 

A The vertical angle of the height of surface roughness 
W Width of face of the height of surface roughness 
H Height of the height of surface roughness 
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DRAWINGS 



[Drawing 1} 
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